A 39-year-old woman was admitted to our hospital with symptoms of general fatigue, nausea, and vomiting that appeared three months after she stopped seven years of medroxyprogesterone acetate (MPA) medication for endometrial stromal sarcoma. Laboratory tests demonstrated moderate hypercalcemia. Several tests demonstrated that she was suffering from adrenal insufficiency. Glucocorticoid supplementation decreased her calcium level to a normal range, indicating that hypercalcemia was induced by adrenal insufficiency. It was suggested that she was suffering from MPA-induced adrenal insufficiency, but hypocortisolemia was being compensated by a high dose of MPA; hypocortisolemia and hypercalcemia then became evident after MPA treatment was discontinued.
Introduction
Hypercalcemia is a relatively common problem. In most cases, it is induced by primary hyperparathyroidism or malignancy (1), but a wide variety of diseases can potentially cause elevated levels of serum calcium as well. Patients with mild or chronic hypercalcemia might be asymptomatic, but severe or acute hypercalcemia can sometimes result in a coma. Other manifestations include nausea, vomiting, constipation, polyuria, depression, and fatigue. The treatment is determined by both the severity and the etiology of hypercalcemia.
Adrenal insufficiency is a life-threatening disorder that can result from primary adrenal failure or secondary adrenal disease due to impairment of the hypothalamic-pituitary axis (2) . Patients exhibit fatigue, weight loss, nausea, vomiting, dry skin, and hypoglycemia. Glucocorticoid supplementation is essential for such patients.
Medroxyprogesterone acetate (MPA) is commonly used as hormonal therapy for several diseases, including breast cancer, endometrial cancer, amenorrhea, and endometrial stromal sarcoma (3) . High-dose MPA treatment can achieve long-term control of endometrial stromal sarcoma (4) . We herein report a case of hypercalcemia that emerged after discontinuation of MPA. Laboratory testing revealed adrenal insufficiency, which was suggested to be the result of long-term MPA treatment. We speculated that high-dose MPA administration had been compensating for adrenal insufficiency, and the symptoms became overt after discontinuation of MPA. Hypercalcemia appeared to be a manifestation of adrenal insufficiency, as glucocorticoid supplementation normalized the level of serum calcium.
Intern Med 57: 545-549, 2018 DOI: 10.2169/internalmedicine.9036-17 Table 1) . Her serum creatinine level was slightly high, and the levels of sodium, chloride, and potassium were low, but these abnormal findings were rapidly normalized after saline infusion and food intake, suggesting dehydration and loss of minerals by diuretics and vomiting. The levels of intact parathyroid hormone (PTH), PTH-related protein (PTHrP), calcitriol (1,25-dihydroxyvitamin D3), and calcifediol (25-hydroxyvitamin D3) were low. Ultrasonography did not demonstrate parathyroid adenoma. Fractional excretion of calcium (FECa) was not low. She was not suffering from thyrotoxicosis. Markers for bone resorption were slightly elevated. No signs of malignant tumors were observed in her bones, as assessed by 18 fluoro-deoxyglucose-positron emission tomography (FDG-PET) and bone scintigraphy. Serum protein electrophoresis did not suggest the presence of multiple myeloma.
In addition to hydration therapy, treatment with elcatonin lowered her calcium level, although it was still above the normal range, indicating that hypercalcemia was not solely due to dehydration. Her nausea and fatigue were alleviated but still persisted ( Figure) . Many types of disorders, including autoimmune diseases, infectious diseases and hormonal diseases such as infant hypothyroidism and adrenal insufficiency, are potential inducers of hypercalcemia, although these cases are not common (5) . Among these diseases, we investigated whether or not she was suffering from adrenal insufficiency, because hypocortisolemia could explain all of her symptoms. Although the levels of serum cortisol and plasma corticotropin were within normal limits, the levels of urinary free cortisol and plasma dehydroepiandrosterone sulfate (DHEA-S) exhibited extremely low, suggesting adrenal insufficiency (Table 2A) . Continuous glucose monitoring (CGM) revealed hypoglycemia during the nighttime, although she did not complain of any typical hypoglycemic symptoms, such as palpitations and sweating.
Corticotropin and cortisol are regarded as counterregulatory hormones in the hypoglycemic state and are usually upregulated during hypoglycemia. However, reactive stimulation was not observed when we measured the levels of these hormones in the morning during hypoglycemia. Her serum insulin level was low, indicating that hypoglycemia was not induced by excessive secretion of insulin. Provocative tests demonstrated that cortisol secretion was normally stimulated by corticotropin (Table 2B) . A corticotropin-releasing hormone (CRH) test demonstrated that corticotropin secretion was stimulated at a normal level, but that the peak of cortisol was not high enough considering the level of corticotropin present. In addition, the peak of corticotropin appeared to be slightly delayed, as the corticotropin level at 60 minutes was similar to that at 30 minutes (Table 2C) . Magnetic resonance imaging (MRI) did not reveal any abnormal findings in the hypothalamus or pituitary gland. Calcification in the adrenal gland, which suggests adrenal tuberculosis, was not shown on computed tomography (CT). She tested negative for human immunodeficiency virus. She was supplemented with hydrocortisone, and her symptoms rapidly disappeared (Figure) . CGM demonstrated the recovery from nocturnal hypoglycemia. The serum calcium level decreased to the normal range without any other treatment, indicating that hypercalcemia had been induced by adrenal insufficiency. The levels of bone resorption markers, such as tartrate-resistant acid phosphatase form 5b (TRACP-5b) and N-telopeptide of type I collagen (NTX), were high even after hypercalcemia disappeared, but these markers gradually decreased (Table 3) . She has been free of hypercalcemia and other manifestation for more than one year. She still needs glucocorticoid supplementation, probably due to long-term adrenal deficiency.
Discussion
Understanding the etiology of hypercalcemia is essential for administering the proper treatment. Most cases are due to primary hyperparathyroidism or malignancy (1). However, it is not always easy to identify the reason for elevated levels of serum calcium, as many types of diseases may be responsible (6). In our case, the level of intact PTH was suppressed, indicating that the patient was not suffering from primary hyperparathyroidism or PTH-producing tumors. In Adrenal insufficiency is one of the diseases that can induce the elevation of the serum calcium level. It is reported that 6% of primary adrenal insufficiency cases exhibit hypercalcemia (2) . The clinical manifestations of hypoadrenalism include fatigue, weight loss, nausea, vomiting, dry skin, and hypoglycemia, which are consistent with the symptoms of our case. Low levels of urinary free cortisol and plasma DHEA-S, and the nocturnal hypoglycemia demonstrated by CGM, supported the hypothesis that she was suffering from moderate hypoadrenalism, although her basal levels of serum cortisol and plasma corticotropin were normal. Cortisol secretion was normally stimulated by the administration of corticotropin. A CRH stimulation test suggested a delayed up-regulation of corticotropin with slightly weak activity, based on the peak level of cortisol. We did not perform an insulin tolerance test because we were able to measure the levels of corticotropin and cortisol during spontaneous hypoglycemia. The expected up-regulation of the pituitaryadrenal axis was not observed. Based on these findings, we speculate that our case was suffering from tertiary adrenal insufficiency, in which the hypothalamic function was disturbed. In addition to primary adrenal insufficiency, central adrenal insufficiency is also reported to induce hypercalcemia (10, 11).
The precise mechanisms though which adrenal insufficiency induces hypercalcemia are not yet fully understood. Multiple factors are suggested to be involved, including increased bone resorption and decreased renal calcium excretion due to dehydration (12) (13) (14) . Consistent with these reports, the levels of bone resorption markers were elevated in our patient (Table 1) . However, high bone resorption marker levels persisted in our patient, even after the serum calcium level was normalized (Table 3) . Indeed, previous reports have not mentioned whether or not the levels of bone resorption markers were rapidly decreased. However, histological studies of the bones in patients with hypercalcemia induced by Addison's disease have shown no signs of bone resorption (13) . Therefore, it remains unclear whether or not increased bone resorption really contributes to hypercalcemia. In addition, our patient was also suffering from dehydration, although diuretics and vomiting likely contributed as well. However, saline infusion to correct dehydration did not fully correct the hypercalcemia ( Figure) , consistent with previous reports (13) . Transient thyrotoxicosis is suggested to be involved in hypercalcemia in corticotropin-deficient patients (10, 11) , but this was not the case in our patient, as she presented with subclinical hypothyroidism. Supplementation with glucocorticoid normalized her serum calcium level, supporting the idea that her hypercalcemia was due to adrenal insufficiency.
It was not easy to identify the reason for adrenal insufficiency, as imaging studies did not suggest any causes for primary or central adrenal insufficiency. It has been reported that high-dose MPA can cause adrenal insufficiency (15) . Therefore, we hypothesized that her history of MPA treatment was involved in the etiology. A high dose of MPA can result in both iatrogenic Cushing's syndrome and subsequent adrenal insufficiency at the same time (16, 17) , because MPA and glucocorticoid are both derivatives of steroids and are structurally similar. Thus, she may have been suffering from MPA-induced adrenal insufficiency, but her hypocortisolemia was compensated by the high dose of MPA, so hypocortisolemia and hypercalcemia only became evident after MPA treatment was discontinued.
Hypercalcemia was reported in four breast cancer patients with bone metastasis who were treated with MPA (18) . The authors suggested some effects of MPA on bone lesions, although the mechanism was unknown. This does not seem to be the case in our patient, as she did not have any bone tumors. Those four patients might have also been suffering from adrenal insufficiency, as two of them recovered from hypercalcemia after the administration of steroids. Why our patient exhibited hypercalcemia despite hypercalcemia not being common in patients with adrenal insufficiency and the degree of her hypocortisolemia not being very severe is unclear, as the mechanisms underlying hypocortisolemiainduced hypercalcemia have yet to be elucidated, as discussed above. One hallmark of our case is the sudden onset of hypocortisolism after long-term treatment with MPA, which exhibits glucocorticoid-mimetic action. Indeed, hypercalcemia was reported in a patient who had undergone glucocorticoid withdrawal after unilateral adrenalectomy (19) . In that case, hypercalcemia was due in part to increased renal tubular reabsorption of calcium as a result of glucocorticoid withdrawal, which is consistent with the present case. Therefore, MPA withdrawal might have contributed to the elevation of serum calcium levels in our case. To our knowledge, this is the first report of hypercalcemia emerging after the discontinuation of MPA. Adrenal insufficiency induced by MPA was involved in the mechanism. Glucocorticoid supplementation should therefore be considered when a high dose of steroid-type hormone therapy is withdrawn.
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